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abstract. The slopes of log-log species-area curves have been studied 
extensively and found to be influenced by the range of areas under study. 
Two such studies of eastern United States floras have yielded species-area 
curve slopes which differ by more than 100%: 0.251 and 0.113. The first 
slope may be too steep because the flora of the world was included, and both 
may be too steep because noncontiguous areas were used. These two hy¬ 
potheses were tested using a set of nested floras centered in Ohio and con- 
turning up to the flora of the world. The results suggest that this set of eastern 
United States floras produces a log-log species-area curve with a slope of 
approximately o.20 with the flora of the world excluded, and regardless of 
whether or not the floras are from nested areas. Genera- and family-area 
curves are less steep than species-area curves and show similar patterns. Taxa 
ratio curves also increase with area, with the species/family ratio showing the 
steepest slope. 
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The slopes of log-log species-area curves have been studied 
extensively because of their theoretical importance in biogeog¬ 
raphy and practical importance in biological conservation. The 
slope basically portrays the rate at which the number of species 

• ._>* a,* . 

increases with an increase in geographic area. Slopes vary from 
about 0.1 to 1.0 and are influenced by the range of areas under 
study. A two-fold difference in slopes is biologically significant 
because it may indicate real differences in biota or problems in 
underlying methods. Log-log species-area curves for floras of the 
eastern United States have been studied by Monk (1971) and 
Wade and Thompson (1991). Both studies used floras from non¬ 
contiguous areas, and found slopes of 0.251 and 0.113, respec¬ 
tively. Monk pointed out that there was an absence of floras of 
areas between 0.25 and 100 km ; , and Wade and Thompson added 
some floras in this area range, calling them regional floras. The 
use of non-nested floras, however, may inflate the steepness of 
the species-area slope because the floras will be from areas that 
contain species not in the contiguous areas (Rosenzweig 1995). 
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Wade and Thompson pointed out that their slope was much less 
than Monk's for two reasons: in addition to using small floras, 
Monk used floras of larger areas and from different regions, and 
also did not have floras in the 0.25 to 100 km : range. It appears, 
therefore, that although Wade and Thompson filled in the gaps in 
the middle area range, they failed to use nested floras, thereby 
leading to an inflated slope estimate for the species-area curve 
for this region. In this study, I have used a recent flora from south- 
central Ohio (Bennett and Course 1996) to determine whether 
data from nested floras produce species-area curves with lower 
slopes than data from non-nested floras. 

Species-area curves spanning at least a dozen orders of mag¬ 
nitude on a log area axis, i.e., up to about 10 g km-, follow a 
reverse S-shaped pattern (Williams 1964; Rosenzweig 1995). The 
slope is steep initially due to sampling effects, then becomes more 
gradual, and then increases again due to increasing diversity 
caused by continental-scale biota differences brought about by 
evolutionary changes in time. The interprovincial variation at 
larger geographic scales produces species-area curves with the 
steepest slopes because the biotic provinces rarely exchange spe¬ 
cies and are thus evolutionarily independent (Rosenzweig 1995). 
Thus, the use of larger sample areas in the data set may influence 
the regression slope by making it steeper than it is in the region 
under study. Monk added the flora of the world to his data set 
while Wade and Thompson did not, which may partially explain 
the steeper slope in Monk’s study. Here I have studied this effect 
by comparing regressions with and without the flora of the world. 

Taxa of higher ranks than species, e.g., genera and families, 
represent aggregations of species, so a tabulation of increasing 
numbers ot genera and families is also a tabulation of more spe¬ 
cies. Even though there are smaller numbers of genera and fam¬ 
ilies than species ot plants, it is possible that the numbers of 
genera and families should increase with area as well, although 
no data could be found on this in the literature. In addition, the 
ratios ol taxa, which represent taxonomic diversity, have not been 
examined in relationship to area. The ratios of species to genus, 
genera to family, and species to family also should increase with 
area, with the ratio that spans the greatest hierarchical range (spe¬ 
cies to family) showing the steepest slope. The relationships be¬ 
tween taxonomic ratios and area were explored in this study using 
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the floristic data mentioned above, as well as a larger set of 26 
other floras. 


MATERIALS AND METHODS 

The initial data set was composed of eight floras that were 
completely nested within one another and spanned nine orders of 
magnitude in area (Table 1). This set centered on a Midwestern 
national park in south-central Ohio, Hopewell Culture National 
Historical Park (Figure 1). Floras of 26 other areas were analyzed 
o expand the sample set. Counts of taxa included species, genera, 
and families of vascular plants, including the pteridophytes, gym- 
nosperms, and angiosperms. Infraspecific taxa were not included. 
For some floras, only data on angiosperms were available, and 
estimates of the numbers of gymnosperms and pteridophytes were 
made using other references. The totals for the world were cal¬ 
culated by combining the angiosperm numbers of Thome (1992) 
with the gymnosperm and pteridophyte numbers of Mabberley 
(1987). Areas for the floras were obtained directly from the flora 
publications, atlases, and/or estimated by planimetry from maps. 
Some counts of taxa were available from the publications directly, 
while others had to be computed by hand. Ratios of taxa were 
computed by dividing total numbers of each taxon by the other 
appropriate taxon. Count and area data then were analyzed by 
log-log regression using Microsoft Excel. Analyses of covariance 
using a nested model were performed with Minitab in order to 
test for significant differences between regression slopes. 

RESULTS 

The log-log taxa-area curves for species, genera, and families 
of eight nested floras centered in south-central Ohio and the 26 
other floras are shown in Figure 2. The set of all 24 regression 
slopes (6 taxa and ratios X nested or large data set X with or 
without the flora of the world = 24) is listed in Table 2. In gen¬ 
eral, the slopes decrease with an increase in taxonomic level, with 
the largest decrease in slopes occurring in the nested set of floras 
with the flora of the world included. Removing the flora of the 
world, however, decreases the slope as much as adding more flo¬ 
ras, an unexpected result. There is virtually no difference in slope 
between the nested set and large set of floras with the flora of 



Table I. Areas, numbers of plant species, genera and families, and taxonomic ratios for 34 locations. The nested set locations 
(Figure I) are indicated in bold print. 

Fam- 

Location Area (km ) Species Genera ilies S/G G/F S/F Source 
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Figure 1. Map ot six of the eight nested areas for which floras were used 
in this study. Missing are the Hopewell Unit of Hopewell Culture National 
Historical Park because it is too small to show, and the world. 


the world removed. The set with the lowest slope for species was 
tor the large set of 34 floras with the flora of the world omitted. 
The ditterences between slopes for genera and families followed 
similar patterns, although to a lesser degree. 

The slopes of the taxa-area curves of species, genera, and fam- 
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Figure 2. Taxa-area curves for 34 floras of the eastern United States, the 
former Soviet Union, and the world. Lines through points represent fitted log- 
log (power) regression equations for species (circles), genera (diamonds), and 
families (triangles). The subset of eight nested floras in the eastern United 
States is marked with an N. The three regression equations are: species = 
264 area 022 (r 2 = 0.83), genera = 200 area 013 (r : = 0.83), and families = 79 
area 006 (r 2 = 0.84). 


Table 2. Log-log regression slopes of species, genera, families, and their 
ratios against area for four data sets. Each set of three regression slopes is 
significantly different (P < 0.000). 

Nested Set Large Set 


Taxon or Ratio 

+ World 
Flora 

— World 
Flora 

+ World 
Flora 

— World 
Flora 

Species 

0.2800 

0.2085 

0.2216 

0.1942 

Genera 

0.1724 

0.1295 

0.1332 

0.1159 

Families 

0.0779 

0.0626 

0.0629 

0.0563 

Species/genus 

0.1075 

0.0790 

0.0884 

0.0783 

Genera/family 

0.0945 

0.0669 

0.0703 

0.0597 

Species/family 

0.2020 

0.1459 

0.1587 

0.1380 
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ilies within each set (Table 2) were significantly different (P < 
0.000) in the analyses of covariance, indicating that they are sep¬ 
arate regressions. All regression models accounted for 81 to 89% 
of the variation in taxa numbers (coefficients of determination). 

Counts of taxa are measures of floristic richness. Another view 
of richness is that of taxonomic diversity, which is measured as 
the ratios of taxa, e.g., species/genus. The taxa-area slopes decline 
in the order species/family > genera/family = species/genus. Spe¬ 
cies/family increases with area about twice as much as the other 
two ratios. Omitting the flora of the world had the same effect 
on the slope as with the taxa-area curves, and the large set of 
floras had slopes that were less than those for the nested set. 

DISCUSSION 

The steepest slope in this study was for the species-area curve 
in the nested set of floras with the flora of the world included. 
The slope for the species-area curve for the complete set was 
somewhat lower, perhaps because many floras were added from 
smaller areas rather than larger, provincial areas. Regression mod¬ 
els for the taxa-area curves explained 82% or more of the vari¬ 
ation in numbers of taxa, as found by others (Monk 1971; Wade 
and Thompson 1991). Regression slopes and coefficients of de¬ 
termination of the taxa ratio curves were slightly lower overall 
than the taxa-area curves. 

The eight-flora data set is highly nested from 1 km* to 1.49 X 
KT km 2 , so none ot the increase in slope with increase in area is 
due to the study areas being noncontiguous. However, it appears 
that a large part ol the increase in slope may be due to including 
the flora ot the world, as Monk did. Without this flora the slopes 
tor the nested set of floras and the larger set of 34 floras are 
practically the same, and average about 0.20. Adding more non¬ 
contiguous floras did not make the slope steeper as expected, 
probably because many ot the floras that were added were tor 
small areas. I his data set, then, does not support the hypothesis 

that including noncontiguous areas will increase the slope of the 
species-area curve. 

The 0.20 value of the slope for floras of the eastern United 
States is greater than the 0.15 for within-province variation, but 
less than variation between islands (0.25-0.45) and considerably 
less than variation between provinces (0.90; Rosenzweig 1995). 
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This suggests that this collection of floras of the eastern United 
States is related to area within a slightly larger province than 
Rosenzweig envisioned, and is not as different as islands would 
be in the same area range. Therefore, the slope appears more 
reasonable than the Monk or Wade and Thompson slopes. 

The slopes for plant genera and families are all progressively 
less steep than the species slopes, which is explained by the fact 
that there are fewer genera and families to begin with, so the 
curves can’t be as steep. Sixty percent of all the families in the 
world and 24% of all the genera are found in North America. 

The taxa ratio curves increase with area much like the taxa- 
area curves, although only the species/family ratio curve is com¬ 
parable. This ratio spans two levels of the hierarchy (species, 
genus, family), while the other two ratios span one level each. 
This is merely a reflection of the previous observations that the 
slope tor the species-area curve is steeper than the family-area 
curve, so the ratio of the two must increase as well. Some authors, 
however, might question the usefulness of this because it is 
known that taxonomic ratios are manmade entities, and have been 
subject to arbitrary limits by some taxonomists (Stevens 1997). 

To conclude, this set of eastern United States floras produces 
a log-log species-area curve with a slope of approximately 0.20, 
regardless of whether the floras are from nested areas or not, and 
with the flora of the world excluded. Genera- and family-area 
curves are less steep than species-area curves and follow a similar 
pattern. Taxa ratio curves also increase with area, with the spe¬ 
cies/family ratio showing the steepest slope. 
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